Introduction
A group of lepocreadiid genera possess a feature which has been referred to as a scoop, but which can take various forms. Sometimes this feature is exhibited as a more-or-less circular plate-like feature of the anterior part of the worm, on which the suckers open. In other cases the sides of the scoop are folded ventrally giving a ventral slit, which may reach well back in the body. As a new expression of the scoop, the new species we report here has a body-length slit or scoop, having the lateral parts of more-or-less the entire length of the body folded over the normal ventral surface. The biological function of the scoop has never been explored but presumably confers advantages in attachment. This feature has, along with separate ani, been used to characterise the subfamily Diploproctodaeinae Ozaki, 1928 . This subfamily was not recognised by one of us (Bray 2005 ) in a recent review of the family. Nevertheless, recent molecular evidence indicates that these genera may represent a monophyletic group (Bray et al. 2009 ). The situation is, however, not straightforward. Neither the scoop nor the ani is completely reliable in diagnosing this taxon. The scoop appears to have been reduced and then lost in some species, or possibly these species reflect the development of the scoop. For example, in Bianium spongiosum Bray et Cribb, 1998 and Diploproctodaeum macracetabulum Oshmarin, Mamaev et Parukhin, 1961 the scoop is quite difficult to discern and in Lobatocreadium exiguum (Manter, 1963) , which is, according to the molecular phylogeny, embedded within the scooped species, no evidence of a scoop is present. In addition, close study of the caecal extremities by Shimazu (1994) and Bray et al. (1996) indicated that, even in those species where the caeca abut the body wall, perforation of the body wall is rare or transitory.
In this paper we describe one new species with a long ventral scoop, one new species from a rarely studied host-group and report on other findings of known species in new localities and hosts; we give measurements where appropriate.
Materials and methods
Digeneans collected from freshly killed fish were fixed by being pipetted into nearly boiling saline and immediately preserved in formalin or 70% ethanol. Whole-mounts were stained with Mayer's paracarmine, cleared in beechwood creosote and mounted in Canada balsam. Measurements were made through a drawing tube on an Olympus BH-2 microscope, using a Digicad Plus digitising tablet and Carl Zeiss KS100 software adapted by Imaging Associates, and are quoted in micrometres, with the range and the mean in parentheses. The following abbreviations are used: BMNH, the British Museum (Natural History) Collection at the Natural History Museum, London, UK; QM, Queensland Museum Collection, Brisbane, Australia; MNHN, Muséum National d'Histoire Naturelle, Paris; WAM, Western Australian Museum.
Results
Family Lepocreadiidae Odhner, 1905 Subfamily Lepocreadiinae Odhner, 1905 Genus Diploproctodaeum La Rue, 1926 syn. Caecobiporum Mamaev, 1970 Diploproctodaeum monstrosum sp. nov. (Figs 1-3) syn. Diploproctodaeum sp. of Bray et al. (2009) 
Description
Based on 26 specimens from A. stellatus, 6 from A. mappa. Measurements in Table I . Body broadly oval, but with lateral margins folded ventrally to form large, irregularly lobed long scoop, which may be as long as body, margins join posteriorly (Fig. 1) . Tegumental spines over most of surface of worm except posterior extremity. Long pre-oral lobe present. Oral sucker more-or-less transversely oval, ventral. Prepharynx absent. Pharynx large, with lobed anterior border. Oesophagus absent. Intestinal bifurcation dorsal to pharynx. Caeca reach close to posterior extremity; ends abut body wall in small pits, with no evidence of perforations.
Testes two, large, oval, oblique, contiguous or slightly separated (Fig. 2) . External seminal vesicle oval, dorsal to ventral sucker. Cirrus-sac large, sharply recurved, reaches from dorsal to ventral sucker into sinistral posterior forebody. Internal seminal vesicle oval. Pars prostatica vesicular, pyriform. Ejaculatory duct, long, thick-walled, wall complexly folded. Genital atrium distinct. Genital pore sinistrally submedian, post-bifurcal.
Ovary follicular, with about 18-27 (A. mappa, about 21) follicles, sinistral to anterior testis, anterior to posterior testis. Mehlis' gland apparently nestled within ovarian lobes. Seminal receptacle dorsal to ovary. Laurer's canal opens dorsally to ovary. Uterus intercaecal between ovary or anterior testis and posterior forebody. Eggs numerous, tanned, operculate. Metraterm with thick muscle wall, about half length of cirrus-sac. Vitellarium follicular, widespread in dorsal and lateral fields, Bray et al. 316 between oral sucker and posterior extremity; dorsal field with gaps at level of ventral sucker and anterior testis (Fig. 3) .
Excretory pore usually not seen, when detected may be terminal or slightly ventrally subterminal, position appears to depend on state of complex folding of body surface; extent of vesicle not detected.
Discussion
The note-style description above does not do justice to the strange appearance of this worm. When found in the host intestine, the worm appears as an irregular lump of pink tissue, not immediately recognisable as a digenean. On fixation it beFigs 1-3. Diploproctodaeum monstrosum sp. nov. 1. Holotype, surface view. Scale bar = 500 µm. 2. Holotype, alimentary and reproductive systems, uterus in outline. Scale bar = 500 µm. 3. Holotype, vitelline distribution. Scale bar = 500 µm comes clear that it is a digenean, but when mounted the ventral folds make the viewing of the internal organs difficult. The body is so thick that flattening does not help as it distorts the worm drastically and often damages it significantly. The body, as described here, is the major differentiating feature of the worm, as no other described species of Diploproctodaeum has a scoop of anything like the same extent or is reported as similarly amorphous in living appearance. We have illustrated the holotype in three parts, Figure 1 showing the external folding, Figure 2 showing the gut and gonads and Figure 3 the vitelline distribution.
As far as we are aware this is the 20th recognised species in the genus and none have a full body-length ventral groove. Only one species, D. arothroni has been reported from Arothron species, in this case the white-spotted puffer A. hispidus (Linnaeus, 1758) (see below). The scoop in D. arothroni is 56-70 (62%) of body-length, and may be in the form of a more-or-less circular disc.
The evidence of the relationships of this species from molecular sequence data is discussed by Bray et al. (2009) . This species, referred to in that paper as Diploproctodaeum sp., is situated as sister to (Lobatocreadium exiguum (Manter, 1963) + Diplocreadium tsontso Bray, Cribb et Barker, 1996) and forms with them a clade to which Diploproctodaeum momoaafata Bray, Cribb et Barker, 1996 is a sister. The relationships of D. monstrosum in terms of generic position are, therefore, not clear. It fits into the genus Diploproctodaeum in the key in the article by Bray (2005) and is placed there by us at the moment, pending closer study of the molecular phylogeny of the group. The molecular tree in the article by Bray et al. (2009) includes also Bianium spongiosum Bray et Cribb, 1998 , which is included in a monophyletic clade with the other species mentioned here, suggesting that the subfamily Diploproctodaeinae Ozaki, 1928 may have some support. Nevertheless, the position in the tree of cast doubt on the value of the ventral scoop as a generic character and possibly invalidates the distinction between Diploproctodaeum and Bianium. The single Bianium species in the molecular tree is sister to the clade including Diploproctodaeum spp., Diplocreadium tsontso and L. exiguum. Etymology: The species is named after the host-genus. Note: A photograph of a specimen of the host-species is deposited in FishBase: http://www.fishbase.org/Summary/ speciesSummary.php?ID=4505&genusname=Triodon&species name=macropterus.
Diploproctodaeum triodoni

Description
Based on 4 specimens. Measurements in Table I . Body broadly oval, but with narrower forebody. Scoop margins folded ventrally, reaches just into hindbody, margins join posteriorly (Fig. 4) . Tegumental spines over most of surface of worm except posterior extremity. Distinct pre-oral lobe present. Oral sucker more-or-less transversely oval, ventral. Prepharynx absent. Pharynx large, with lobed anterior border. Oesophagus short to virtually absent. Intestinal bifurcation in posterior forebody. Caeca reach close to posterior extremity; ends abut body wall in small pits, no evidence of perforations.
Testes two, contiguous, oblique, in mid-hindbody, oval but flattened on contiguous edges. External seminal vesicle large, reaches well into hindbody, dorsal to ovary. Cirrus-sac large, broadly claviform, reaches to ovary. Internal seminal vesicle oval. Pars prostatica vesicular, large, folded. Ejaculatory duct, long, thick-walled, wall complexly folded. Genital atrium distinct. Genital pore sinistrally submedian, bifurcal.
Ovary follicular, with about 27-34 (31) follicles spread across most of intercaecal region just anterior to mid-hindbody, sinistral to and overlapping anterior testis, anterior to posterior testis. Mehlis' gland dorsal to ovary. Seminal receptacle dorsal and posterior to ovary. Laurer's canal opens dorsally to posterior part of ovary, dextral to anterior testis and anterior to posterior testis. Uterus mostly intercaecal between ovary and anterior hindbody. Eggs numerous, tanned, operculate. Metraterm with thick muscle wall, almost as long as cirrus-sac. Vitellarium follicular, widespread in dorsal and lateral fields, between oral sucker, or slightly posterior and posterior extremity; fields with gaps at level of ventral sucker and middle part of anterior hindbody (Fig. 5) .
Excretory pore terminal; extent of vesicle not detected.
Discussion
According to the key in the article by Bray et al. (1996) Fig. 6 . Diplocreadium tsontso Bray, Cribb et Barker, 1996. Ventral view, uterus in outline. Scale bar = 500 µm. Fig. 7 . Bianium arabicum Sey, 1996 . Ventral view, uterus in outline. Scale bar = 500 µm reported in the striped burrfish Chilomycterus schoepfii (Walbaum, 1792) (Diodontidae) in Biscayne Bay, Florida (Overstreet 1969) . D. vitellosum differs from D. triodoni sp. nov. in a combination of minor features (some derived from the illustration): the body is broader (width 70% of body-length vs 56-62%), the forebody is longer (32% of body-length vs 24-27%), the scoop is longer (51% of body-length vs 36-39%), the sucker width ratio is greater (1:1.0-1.2 vs 1:0.80-0.86), the cirrus-sac is narrower, the post-testicular distance is shorter (10% of body-length vs 18-23%) and the eggs are larger (73-76 × 46 vs 56-68 × 27-37). According to Sogandares-Bernal and Hutton (1959) the genital pore is located at the anterior border of the ventral sucker, but Overstreet (1969) found that it was 'between the level of the posterior and middle of the pharynx'. Overstreet (1969) also found that the vitelline fields do not always quite reach to the oral sucker.
As far as we are aware there has only been one study of the digenean parasites of Triodon macropterus, i.e., that of Machida and Kuramochi (1999) from off Okinawa, Japan. They reported three new species, the zoogonids Deretrema triodontis Machida et Kuramochi, 1999 and Sacculoacetabulum ohjibah Machida et Kuramochi, 1999 , and the apocreadiid Neomegacreadium okinawum Machida et Kuramochi, 1999, but did not recover a lepocreadiid. We have found each of these three species in T. macropterus from off New Caledonia (material deposited: MNHN JNC2989, BMNH 2010.7.29.41-42), so can state that this species harbours at least 4 digenean species in the waters off New Caledonia. Two specimens of T. macropterus were studied and the three species listed above were found in one specimen, and D. triodoni sp. nov. in the other. 
Diploproctodaeum haustrum
Discussion
This widespread species is reported from a variety of monacanthid hosts, including A. monoceros (Bray et al. 1996 , Machida and Kuramochi 1999 , Reimer 1981 , but not previously in New Caledonian waters. For measurements see Table II .
Diploproctodaeum arothroni Bray et Nahhas, 1998
Hosts: Arothron hispidus (Linnaeus, 1758) Hassanine (2006) was the ostreid oyster Saccostrea cucullata (as Crassostrea cucullata). It is, therefore, of considerable interest that this species is abundant at Lizard Island where the present authors have examined 266 oyster individuals for parasites without, however, finding any lepocreadiid infections.
The single specimen from A. hispidus from off Lizard Island is distorted such that certain dimensions are affected; therefore, data on this specimen are not included in Table II with the measurements of the other D. arothroni specimens. Two specimens were recovered from Ningaloo, but one is teratological, with a bight out of the posterior margin and only one testis, and was not measured. In all specimens the scoop margins are folded over, not flattened as in the original description (Bray and Nahhas 1998) . In all cases the number of ovarian follicles is difficult to count, but is at least 30 in the Lizard Island specimen and the non-teratological Ningaloo specimen. It is clear that these specimens have fewer ovarian follicles than the specimens from Fiji or the Red Sea, but they have more than the other species in the key couplet in Bray and Nahhas (1998), i.e. D. momoaafata Bray, Cribb et Barker, 1996 from the ostraciid, the yellow boxfish Ostracion cubicus L., on the Great Barrier Reef (Bray et al. 1996) . The worms are, however, rather similar. Another difference may be the vitelline extent, which is to the pharynx in D. arothroni but only to the intestinal bifurcation in D. momoaafata.
The folded scoop margins indicate how similar this species is to D. cryptostoma (Ozaki, 1928 ) from various tetraodontids off Japan (Ozaki 1928 , Bray et al. 1996 . As with D. momoaafata further study will establish the variation (17) Rodney A. Bray et al. 322 in these species, but the vitellarium in D. cryptostoma reaches only to the genital pore. There is clearly a group of similar species in various tetraodontiforms. Other similar species are D. hakofugu Shimazu, 1989 and D. oviforme Shimazu, 1989 from the ostraciids, the blue-spotted boxfish Ostracion immaculatus Temminck et Schlegel and the round-belly cowfish Lactoria diaphana (Bloch et Schneider), respectively, off Japan (Shimazu 1989) and D. spinosus Liu, 2002 from the tetraodontid, the lattice blaasop Takifugu oblongus (Bloch) off China (Liu 2002) . D. spinosus is said to have a spine at the base of the ejaculatory duct: no such feature is seen in our specimens.
The feature substantiating D. arothroni as a distinct species is the vitellarium reaching to the pharynx, often to its anterior margin, and in none of these other species does this appear to be the case. 
Diploproctodaeum macracetabulum
Discussion
See Table III for dimensions. This species is known almost exclusively from this host-species, and is widespread in the Indian and Pacific Oceans, including a record from Heron Island (Bray et al. 1996) . This is, however, the first record from these localities.
Diploproctodaeum momoaafata Bray, Cribb et Barker, 1996
Host: Ostracion cubicus Linnaeus, 1758, Ostraciidae, yellow boxfish.
Site: Intestine. 
Discussion
This is the first report of this species from this locality in the northern part of the Great Barrier Reef (Table III) . It has been reported in O. cubicus and the whitespotted boxfish Ostracion meleagris Shaw, 1796 from Heron Island, at the southern end of the Great Barrier Reef (Bray et al. 1996) . 
Diploproctodaeum rutellum
Discussion
Although reported from Heron Island before (Bray and Cribb 2003) , the measurements of five specimens are included here (Table IV) to supplement the two specimens from there measured before and the two specimens from New Caledonia, a newly reported locality for this species. 
This is the first record of this species from the Swain Reefs and New Caledonia (Table V) . The species is fairly well known across the Indo-West Pacific region (Bray et al. 1996) . The only slight difference from specimens off Heron Island is the relatively greater length of the scoop (Swain Reefs 41-53% of body-length, New Caledonia 35-54% vs 34-40%). In the New Caledonian fishes high numbers of specimens are often found, > than 80 in one case.
Genus Diplocreadium Park, 1939
Diplocreadium tsontso Bray, Cribb et Barker, 1996 ( GenBank Accession numbers: lsrDNA FJ788472; nad1 FJ788432.
Discussion
This species was known from two specimens from this host and locality (Bray et al. 1996) . The record is included here to allow for the inclusion of further measurements (see Table V ). The scoop is slightly smaller (30-36% vs 39-40% of bodylength), as is the forebody (24-30% vs 31%). The suckers and pharynx are also slightly smaller than in the original specimens. These distinctions extend the known variation in this species.
It is clear from the cladistic study by Bray et al. (1996) that there is no synapomorphy for Diplocreadium Park, 1939 and, therefore, the generic status of this species is debatable. The genus is, as Bray (2005, p. 548 ) stated, 'almost certainly a composite group'. In the molecular phylogeny in the article by Bray et al. (2009) , D. tsontso is resolved as the sister species to Lobatocreadium exiguum and it is worth considering whether it should be accommodated in that genus. The molecular phylogeny is based on a small sample, but D. tsontso has some morphological similarities to Lobatocreadium, most notably the testes arranged one ventral to the other. On the other hand, there is no evidence that the ovary is in two parts joined by a narrow isthmus, a key character of Lobatocreadium. We are not in a position to state with confidence the generic position D. tsontso, but are confident that it does not belong in Diplocreadium. 
This species has been reported only once before, from the green rough-backed puffer Lagocephalus lunaris (Bloch et Schneider, 1801) from off Kuwait in the Arabian Gulf by Sey (1996) . Our specimens have very similar dimensions to those reported by Sey (see Table VI ). The only slight distinction we note is the slightly oblique testes in most specimens, as opposed to the tandem testes described by Sey (1996) . The species is distinctive in the genus as it has full-length lateral folds of the body (or scoop-sides), although the full extent is not always visible on both sides of the worm. Unlike in D. monstrosum, the lateral margins of the scoop do not join posteriorly.
According to the host-parasite list in Bray et al. (1996) , Bianium plicitum (Linton, 1928) has been reported in several Lagocephalus spp., although not in L. sceleratus. The specimens from Lagocephalus illustrated by Hafeezullah (1970) and Shen and Tong (1990) look superficially similar to B. arabicum, but the scoop is much shorter, reaching less than 50% of the body-length.
Conclusions
The description of Diploproctodaeum monstrosum sp. nov. increases the range of attachment structures and arrangements seen among the "diploproctodaeine" lepocreadiids. A point of considerable interest is that there appears to be a tendency towards comparable body structures in some of the other trematodes that infect the same fishes. This pattern is seen most clearly for parasites of Tetraodontidae in general and species of Arothron in particular. Thus, the only apocreadiid to infect Arothron species, Schistorchis carneus Lühe, 1906 is a very large misshapen species and the only such misshapen species in the family. The only faustulid species to infect tetraodontids are two species of Trigonocryptus Martin, 1958. One of these infects mainly species of Arothron and both have complicated body shapes in which much of the ventral surface appears to be involved in attachment. Species of Opistholebetidae are almost entirely restricted to tetraodontids and the closely related diodontids and many of the species have somewhat misshapen bodies and complex attachment configurations. Certainly the correlation is not perfect, there are numerous other species in tetraodontids in general and a handful in Arothron species where the body form is apparently normal. However, we do conclude that some parallel evolution has occurred in the parasites of tetraodontids and especially of Arothron species. If true, the explanation may be no more complicated than that Arothron species tend to have guts full of large pieces of robust benthic invertebrates and that strong attachment structures may thus be essential.
